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This issue’s Neurobiology Select highlights different molecular aspects of the patterning of neuronal circuits
during development, as well as factors that determine the number of neurons in the circuit. The network of neu-
ronal dendrites receives synaptic input often through specialized structures called spines, and we highlight
some recent insights into how these structures are formed. We also describe studies that identify factors that
contribute to synapse number and brain size.
a1-Chimaerin Prunes the Ends of Dendritic Arbors
During development of the mammalian central nervous system, many connections are forged and then broken in the
process of establishing the correct neuronal circuits. How a neuron makes the right connections during development
depends on the correct patterning of both its axons and its dendrites. Dendrites form distinct branching networks that
resemble a tree (arbor) and somedendritic arbors have specialized,morphologically distinct protrusions called spines.
Neuronal activity is often the factor that determines which neural connections are retained and which are not. But how
does neuronal activity correlate with changes in dendritic patterning during development? To study this question, But-
tery et al. focused on the a1-chimaerin protein, which is upregulated during neuronal development when synapses are
being formed. In thisstudy, theauthorsshowthatoverexpressionofa1-chimaerin inmousecerebellarPurkinjecells and
hippocampal neuronscauseda reduction in thenumberofdendritic spines, aswell asadecrease indendrite lengthand
the number of branch points. RNAi against a1-chimaerin resulted in neuronswith atypical spines that had filopodial ex-
tensions, suggesting that this proteinmayprunedendrites.a1-chimaerin is aGTPaseactivating protein (GAP) that neg-
atively regulates the small GTPaseRac1 (which regulates actin dynamics); it alsobinds to the lipid diacylglycerol (DAG).
In response to neuronal activity, a1-chimaerin becomes relocalized to the plasmamembrane, a change that is depen-
denton theDAGbindingdomain (C1). Furthermore,blockingneuronal activationdecreasedexpressionofa1-chimaerin
by more than 60% in cultured postnatal mouse hippocampal neurons. These data support a model in which signaling
through lipids, stimulated by neuronal activity, leads to relocalization of a1-chimaerin to the plasmamembrane. Here,
a1-chimaerin inactivates Rac, thereby limiting growth of dendrites mediated by the actin cytoskeleton.
P. Buttery et al. (2006). Proc. Natl. Acad. Sci. USA 103, 1924–1929. Published online January 30, 2006. 10.1073/
pnas.0510655103.
PAR-3 Moonlights at the Dendritic Spine
Asdendritic spines are highly polarized structures, Zhang andMacara (2006) examined the role of the cell polarity pro-
tein PAR-3 in their morphogenesis. They found that PAR-3 is localized to the postsynapticmembrane and that knock-
down of PAR-3 by RNAi in cultured hippocampal neurons from rat embryos resulted in dendritic spines with aberrant
morphology including long, thin protrusions that lack spine heads. These structures resemble immature spines and
mimic the effect of expressing a constitutively active version of the Rac GTPase. Interestingly, coexpression of dom-
inant-negativeRacandusingRNAi to knockdownPAR-3 resulted in restoration of normal dendritic spinemorphology.
Immunoprecipitation of Par-3 showed that it interactswith theRac-GEFTIAM1,which also is localized to the postsyn-
aptic membrane and spines. The authors show that PAR-3 restricts the activity of TIAM1 by targeting it to spines. Ad-
ditionally, increasedTIAM1activity seems tohave thesameeffect asPAR-3knockdownor expressionof constitutively
active Rac. Remarkably, silencing of both PAR3 and TIAM1 simultaneously restored normal spinemorphology. These
data indicate that there exists a balance of opposing factors controlling Rac activity during dendritic spine formation.
Differential regulation of these factors could act to remodel dendrites during the establishment of neural connections.
H. Zhang and I.G. Macara. (2006). Nat. Cell Biol. 8, 227–237. Published online February 12, 2006. 10.1038/ncb1368.
Transcriptional Regulators of DendriteMorphology
To identify transcription factors that regulate the formation of dendritic patterns,
Parrish et al. used RNAi to block expression of 730 genes encoding transcriptional
regulators. They then qualitatively assessed how knockdown of each gene affected
the morphology of the well-characterized dendritic pattern of a subclass of neurons
in the peripheral nervous system of the fly embryo. Seventy-eight of these genes
affected different aspects of dendritic patterning and fell into three groups: genes
controlling the extent of the dendritic field by either positively or negatively regulating
arborization; genes that affect the balance between dendrite outgrowth and branch-
ing; and genes that affect the dorsal/ventral routing of dendrites. Within each group,
there was a range of effects. For example, within the first group, knockdown of some
transcription factors (such as the zinc-finger transcription factor pygopus) affected
both primary branch outgrowth and lateral outgrowth and branching, whereas knock-
down of other transcription factors (such as the ecdysone nuclear hormone receptor) reduced outgrowth of primary
branches but did not drastically affect lateral branching or outgrowth. In contrast, knockdown of some genes in the
second group (such as the Polycomb genes) caused an increase in the number of branches and their coverage of
amore extensive area. This study is an important resource as it provides a wealth of information about the genes that
regulate many aspects of dendritic arborization.
J.Z. Parrish et al. (2006). Genes Dev. Published online March 17, 2006. 10.1101/gad.1391006.
Live confocal image of class I
dendritic arborization neurons
expressingGFP targeted to the
membrane in Drosophila. Im-
age courtesy of Michael Kim.Cell 125, April 21, 2006 ª2006 Elsevier Inc. 205
Flipping the Switch on Postsynaptic Differentiation
Shalizi et al. demonstrate how neuronal activity causes a change in the posttranslational modification of a transcrip-
tion factor, thereby affecting dendritic development. They examined the role ofMEF2A, amember of theMEF2 family
of transcription factors that is highly expressed in neurons, in the development of synapses in the cerebellar cortex.
In rat cerebellar granule neurons, the postsynaptic termini of dendrite branches have a distinct structure called a den-
dritic claw. Using RNAi, the authors show that knockdown of MEF2A resulted in 60% fewer claws, and therefore a
decrease in the number of synaptic structures, in rat cerebellar slices. The calcium-responsive phosphatase cal-
cineurin is known to be involved in maintaining dendrite morphology and modulating phosphorylation of MEF2.
Because MEF2 activity is affected by calcium signaling, the authors further investigated the relationship between
these two proteins. They showed that neuronal activity caused the calcineurin-dependent dephosphorylation of
MEF2A at Serine 408. Furthermore, dephosphorylation at Serine 408 induced a switch from sumoylation to acety-
lation at Lysine 403. This modification caused the derepression of MEF2A target genes, including the gene encoding
the transcription factor Nur77, whose expression is increased in active neurons. The authors showed that blocking
Nur77 expression resulted in the differentiation of dendritic claws. This elegant study provides molecular insight into
how transcriptional repression regulates postsynaptic differentiation.
A. Shalizi et al. (2006). Science 311, 1012–1017.
Putting the Brakes on Synapse Number
It is well established that the active firing of neurons affects synapse formation in the developing nervous system, but
how does this activity control the number of synapses formed? Flavell et al. now show that the MEF2 family of tran-
scription factors negatively regulates synapse number in cultured rat hippocampal neurons. During the earliest steps
of synapse formation in cultured neurons, knockdown of MEF2A and MEF2D by RNAi boosted the number of syn-
apses. This may seem to contradict the Shalizi et al. study where RNAi of MEF2A reduced the number of synaptic
structures; however, MEF2 is known to function as both a transcriptional activator and a repressor, and the two stud-
ies focus on different aspects of MEF2 activity. Interestingly, activation of neurons enhanced the dephosphorylation
of MEF2 and also activated MEF2-dependent transcription, which decreased the number of synapses. The authors
showed that the phosphatase calcineurin dephosphorylates of MEF2 at three sites, Serine 221, Serine 255, and
Serine 408. Similar to the Shalizi et al. study, Flavell and colleagues found that phosphorylation of MEF2A and
MEF2D prevented activation of MEF2 gene targets and that dephosphorylation derepressed these genes. Flavell
et al. performed a genome-wide screen to identify activity-induced genes whose expression is reduced after knock-
down of MEF2. They found several gene targets—including the signaling molecule arc, the transcription of which is
affected by neuronal activity—that are known to regulate synaptic development. This study furthers our understand-
ing of how neuronal activity affects synapse formation through transcriptional regulation.
S.W. Flavell et al. (2006). Science 311, 1008–1012.
Hedgehog Signaling: The Way to a Bigger Brain
Lien et al. examined the role of aE-catenin—an isoform of a-catenin that is found in
neural progenitor cells—by creating a mouse strain in which aE-catenin was deleted
in the central nervous system. The brains of the mutant mice were enlarged and
exhibited amassive increase in the total number of brain cells (hyperplasia) compared
to wild-type mice. As aE-catenin is essential for the formation of adherens junctions,
connecting cadherins to the actin cytoskeleton, the authors examined junction
complexes and apical/basolateral polarity in aE-catenin-deficient neural progenitor
cells and found both to be disrupted. They also found that on embryonic day 13.5,
the brains of mutant mice exhibited a shorter cell cycle and decreased apoptosis of
neural progenitor cells, which may account for the observed hyperplasia. To identify
the cause of these effects, the authors turned to microarrays. In the aE-catenin
mutants, they noticed upregulation of the target genes smo, gli1, and fgf15, which
act downstream of the signaling molecule hedgehog. Hedgehog signaling promotes
the proliferation of neural progenitor cells and also promotes survival and blocks
apoptosis. Using a specific inhibitor of smoothened (smo), the authors showed that
an increase in hedgehog signaling could account for the shorter cell cycle, decreased
apoptosis, and resulting hyperplasia in the brains of aE-catenin deficient mice. They
propose that aE-catenin connects cell-density-dependent adherens junctions with
the developmental hedgehog pathway, and this connection may generate a negative
feedback loop controlling proliferation and ultimately the size of the developing brain.
An important next step will be to identify the molecules that mechanistically connect adherens junctions with the
hedgehog signaling pathway.
W.H. Lien et al. (2006). Science 311, 1609–1612.
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